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PHILIPPINE AGRICULTURAL ENGINEERING STANDARD PAES 243: 2010 
Agricultural Machinery -- Biomass Furnace - Methods of Test 



1 S cope 

This standard specifies the methods of test and inspection for biomass furnace. Specifically, it 
shall be used to: 

LI verify the mechanism, dimensions, materials, accessories of the biomass furnace and 
the Hst of specifications submitted by the manufacturer; 

L2 detennine the performance of the machine; 

L3 evaluate the ease of handling and safety features; and 

L4 report the results of the tests. 

2 References 

The following nomiative documents contain provisions, which throu^i reference in this text 
constitute provisions of this National Standard: 

PAES 242:2008 Agricultural Machinery - Biomass Furnace - Specifications 

3 Definitions 

For the purpose of this standard, the definitions given in PAES 242 and the following shall 
apply: 

3.1 

burning efficiency 

ratio of the actual and the theoretical heating value of fuel, expressed in percent 

3.2 

furnace efficiency 

ratio of the heat transferred and heat available in biomass furnace, expressed in percent 

3.3 

latent heat of vaporization 

heat absorbed by a unit mass of a material at its boiling point in order to convert the material 
into a gas without temperature change 



3.4 

overall height 

distance between the horizontal supporting plane surface and the horizontal plane touching 

the uppermost part of the biomass furnace, 

NOTE: All parts of the biomass fomace projecting upwards are contained between these two planes. 

3,5 

overall length 

distance between the vertical planes at the ri^it angles to the median plane of the biomass 

furnace and touching its front and rear extremities. 

NOTE: All parts of the biomass furnace, in particular, components projecting at the front and at the rear are 
contained between these two planes. Where an adjustment of components is possible, it shall be set atmmmium 
length. 

3.6 

overall width 

distance between the vertical planes parallel to the median plane of the machine, each plane 

touching the outermost point of the biomass furnace on its respective side. 

NOTE: All parts of the biomass iimace projecting side wards are contained between these two planes. 

3.7 

sensible heat 

heat absorbed or evolved by a substance during a change of temperature that is not 

accompanied by a change of state 

3.8 

healing system efficiency 

ratio of actual and theoretical heat supplied by the fuel to the furnace, expressed in percent 



4 General Conditions for Test and Inspection 

4.1 Role of manufacturer 

The manufacturer shall submit specifications and other relevant infomiation about the 
biomass furnace and shall abide with the ttuns and conditions set forth by an official testing 
agency. 

4.2 Role of the operator 

An officially designated operator shall be skilled and shall demonstrate, operate, adjust, and 
repair as the case maybe, related to the operation of the furnace. 

4.3 Test site conditions 

Testing shall be where the biomass furnace is installed. The site should have ample 
provisions for material handling and workspace and electric connections and suitable for 
normal working condition. 



4.4 Test instruments 

The instrument to be used shall have been calibrated and checked by the testing agency prior 
to the test. The list of minimum test instruments and materials needed to carry out the 
biomass furnace test is shown in Annex A. 

4.5 Test Materials 

The amount of biomass fuel to be supplied shall be sufficient for two hours of continuous 
operation. 

4.6 Termination of Test 

If during testing, the furnace has a major component breakdown or malfunctions, the test 
engineer from the official testing agency shall tenninate the test. 



5 Test and Inspection 

5.1 Verification of the technical data and information of the manufacturer 

5.1.1 This inspection is carried out to verify the dimensions, materials and accessories of 
the biomass furnace in comparison with the list of technical data and information of 
the manufacturer. 

5.1.2 The biomass furnace shall be installed in a plain and leveled surface. 

5.1.3 The items to be inspected and verified shall be recorded in Annex B. 

5.2 Performance test 

5.2.1 This is carried out to obtain actual data on the overall furnace performance. 

5.2.2 Biomass fuel to be used 

5.2.2.1 Biomass fuel prepared for each trial shall be of the same quality. 

5.2.2.2 Biomass fliel shall meet the required moisture content for efficient burning. 
Moisture content for biomass fuels shall be the following: 



Corn cobs 


10% (maxim uin) 


Rice hulls 


7% (maximuin) 



5.2.2.3 Initial weight of the biomass fuel shall be taken before loading it to the biomass 
furnace. The data shall be obtained and recorded. 

5.2.3 Initial data on the biomass fuel to be used to operate the biomass furnace shall be 
recorded in Annex C. 



5.2.4 Operation of the biomass furnace. 

The biomass furnace shall be operated at the recomniended settings of the manufacturer. All 
data obtained and observations of breakdown or abnormalities on the furnace shall be 
recorded in Annex C. After the test run, the furnace shall be cleaned and then prepared for the 
next test trial. These procedures shall be repeated for the succeeding test trials. 

5.2.5 Biomass furnace shall be tested by either of the following method: 

5.2.5.1 Biomass furnace without dryer 

5.2.5.1.1 Type of blower for the suction of heated air coming from the furnace shall be 
determined and provided by the manufacturer. 

5.2.5.1.2 Test duration shall be two hours after steady state operation and needed 
measurements (heated air teiiperature from blower, air flow rate from blower 
and ambient air temperature) shall be obtained and recorded every ten minutes 
interval. 

5.2.5.2 Biomass furnace with dryer attached 

5.2.5.2.1 Biomass furnace shall be attached to a dryer with full grain holding capacity. 

5.2.5.2.2 Test duration shall be two hours after steady state operation and needed 
measurements (heated air temperature to the dryer, air flow rate to the diyer and 
ambient air temperature) shall be obtained and recorded every ten minutes 
interval. 

5.2.6 Firing of Furnace 

Small amount of flammable material shall be used to start the fire on the combustion chamber 
of the biomass fimiace. The amount of biomass fuel used and tune for the furnace to reach 
stable temperature shall be obtained and recorded. 

5.2.7 Heating system efficiency (for furnace with dryer attached only) and Furnace 
efficiency shall be computed using the data obtained during testing and the formula 
in Annex D. 

5.2.8 Flue gas Analysis 

The gas emitted by the furnace due to the burning process of the biomass fuel shall be tested 
for its Carbon monoxide (CO), NOx, SOx and particulate matter content in percentage. Flue 
gas analyzer shall be placed on the opening of flue gas chimney to be able to acquire the gas 
percentage components. Data obtained shall be recorded on Annex C. 

5.2.9 Biomass Fuel Consumption Determination 

Total amount of biomass fuel consumed and the total time of operation shall be recorded. 



5.2.10 Test trials 

At least two test trials shall be adopted, 

5.2.11 Data recording and observations 

5.2.11.1 All data obtained and any observations of defects on the furnace structure during 
and after each test trial shall be recorded in Annex C. 

5.2.11.2 Visual inspection test shall be made on welded parts of the biomass furnace and 
shall be recorded in Annex C. 

5.2.12 Sampling 

5.2.12.1 Sampling for biomass fuel 

Three-50 g samples of biomass fuel shall be randomly collected to be analyzed in the 
laboratory. Half (25g) of the 50g sample shall be used for laboratory analysis and the other 
half (25 g) shall be used for reference puiposes or for vaHdation. 

5.2.12.2 Sampling for ash from biomass furnace 

During each test trial, tliree-50 g samples shall be randomly collected from the ash discharge 
mechanism of the biomass furnace to be analyzed in the laboratory. Half (25g) of 50g sample 
shall be used for laboratory analysis and the other half (25g) shall be used for reference 
purposes or for validation. 

5.2.12.3 Handling of samples 

Samples to be taken to the laboratory shall be placed in appropriate containers and properly 
labeled. 



6 Laboratory Analysis 

Laboratory analyses shall be made to detennine work quality of the biomass furnace. The 
laboratory test data sheet to be used is given in Annex D. 

6.1 Burning Efficiency 

6.1.1 For each test trial, two crucibles shall be prq3ared and labeled for the biomass fuel 
and ash residue from biomass furnace. The weight of each crucibles shall be 
detennined and recorded. 

6.L2 In each test trials, weigli 25g of biomass fuel samples and 25g ash residue samples 
from biomass furnace, placed it in the cmcibles and record the initial weight of 
cmcibles plus samples. 

6.L3 The samples shall be totally burned using electric furnace for 5 hours at lOOO^C 
temperature. 



6.1.4 After removing the samples from the electric furnace, the crucibles with the bumed 
samples should be placed in a desiccator and allowed to cool to the ambient 
temperature. 

6.1.5 Wei^i the cmcible plus the burned sample. Record the final weiglit. Calculate the 
burning efficiency using Formula in Annex E. 

6.L6 Other physical observations on the ash samples shall be recorded in Annex D. 



7 Formula 

The formula to be used during calculations and testing are given in Annex E. 

8 Test Report 

The test reports shall include the following information in the order given: 

8.1 Title 

8.2 Summary 

8.3 Purp ose and Scop e of Test 

8.4 Methods of Test 

8.5 Description of the M achine 

Table 1 -Machine Specifications 

8.6 Results and Discussions 

8.7 Observations (include pictures) 

Table 2 - Performance test data 

8.8 Names, signatures and designation of test engineers 



Annex A 

Minimum list of 
Test Instruments and Materials 



A.1 Instruments Quantity 

A, 1.1 Thermocouples 1 

(made of Tungsten-Molybdenum, 

maximum temperature 2,600^C) 
A.L2 Digital timers (range: 60 minutes) 

Accuracy: 0.1 sec 
A. 1.3 Tape measure (with maximum length of 5m) 1 

A. 1.4 Weighing scale (capacity: 100 kg) 

0,01 kg accuracy 
A.L5 Vernier Caliper 1 

Accuracy: 0.1 mm 

1 
1 
1 
1 
1 
1 
1 
6 
1 



AL6 


Moisture meter 




A.L7 


Scientific Calculator 




A.1.8 


Electric furnace 




A,1.9 
A.1.10 
A.1.11 
A.1.12 


Flue gas analyzer 
Digital Camera 
Velocity meter 
Themiometer 




A.L13 
A.1.14 


Crucibles (capacity: 25g) 
Dessicator 




A.2 


Materials 




A.2.1 
A.2.2 
A.2.2.1 


Biomass fuel (wood chips, rice hulls, 
Labeling tags which include 
Date of test 


corn cobs) 


A.2.2.2 


Biomass furnace test 




A.2.2.3 


Trial number 




A.2,2.4 


Type of sample 
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Annex B 



Spedfications of Biomass Furnace 



Name of Applicant/ Distributor: . 

Address; ^ 

Tel No: 



Name of M anufacturer: . 

Address: 

Tel No: 



GENERAL INFORMATION 

Make: „_ 

Serial No: - 



Type: 

Brand/Model: 



Production date of Biomass Furnace: 

Testing Agency : 

Date of Test: „ 



Test En^neer: 

Location of Test: 



Items to be inspected 



ITEMS 


SpedficalioE of 

Manufacturer 


Verification by 

the Testing 

Agency 


B.l Hopper 






BJJ Materials of construction 






B.L2 Number 






B,1.3 Dimensions, mm 






B,L3.1 length 






B.L3,2 width 






B.1.33 thickness 






BAA Screw feeder 






B,L4.1 Dimensions, mm 






B.L4.L1 diameter 






B.1AL2 length 






B, 1.4,1 3 thread thicleiess 






B.L4ol.4 thread heigjit 






BAA.2 Prime mover 






B.L4.2.1 Brand 






B.1.4.2.2 Model 






B.L4,23 Serial number 






B.L4.2.4 Type (stroke/ignition) 






B.L4,2.5 Rated power, kW 






BJ,4,2.6 Rated speed, ipm 






B.L4.2.7 Cooling system 






B.L4.2.8 Starting system 






B.L4.2.9 Weiglit, kg 






B.2 Combustion chamber 






B,21 Frame 






B.2.L1 Materials of construction 







10 



B.2,1.2 Dimensions, mm 






B.2.1.2J length 






B.2.1.2.2 width 






B.2.L23 thickness 






B.2.2 Walls 






B.2,2J Materials of constmction 






B.2.2.2 Dimensions, mm 






B.2,2.2.1 length 






6,2.2.2.2 width 






B.2.2,2.3 thickness 






B.2,2.3 Number of lining(s) 






B.2.2.4 Insulation material used 






B.2.3 Combustion air inlet device used 






B.3 Heat exchanger (for indirect-fined 

furnace only) 






B.3.1 Type of furnace 






B.3.2 Tubes 






B.3.2J Materials of construction 






B.3.2. 2 Dimensions, mm 






B.3.2.2.1 length 






B3.2.2.2 diameter 






B.3.2.2.3 thickness 






B.3.2.3 Orientation 






B,4 Chimney (for indirect-fired furnace 
only) 






B.4.1 Materials of constmction 






B.4.2 Dimensions, mm 






B.4.2.1 length 






B.4.2.2 width 






B.5 Henum (from furnace to grain 
dryer) 






B.5.1 Materials of construction 






B.5.2 Dimensions, mm 






B.5.2.1 length 






B.5.2.2 width 






B.6 Ash discharge unit 






B.6.1 Type 






B.6.2 Materials of constmction 






B.6.3 Dimensions, mm 






B,6.3.1 length 






B.6.3.2 width 






B.6.2 Ash pan 






B.6.2. 1 Materials of construction 






B.6.2, 2 Dimensions, mm 






B.6.2.2.1 length 






B.6.2.2.2 width 






B.6.3 Ash arrester 






B.6.3, 1 Materials of construction 
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B.6.3.2 Dimensions, mm 
B.63.2J height 



B.63,2.2 width 



B,63.3 Maximum capacity, kg 

B.63.1 Fans 

B.6.3.I0I Materials of construction 



B.6.3.L2 Diameter of fan wheel 



B,63.L3 Flow rate, m /min 

B.63.L4 Static pressure, mmH2Q 
B,63.1.5 Fan air speed, m/s 



B.7 Safety features: 



B.8 Other special features: 
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Test Trial No. 
Test Engineer: 
Assistants: 



Annex C 
Performance Test Data Sheet 

Date: 



Test Requested by: , 



location: 

_Test ^ecimen: 
Manufacturer: 





Trials 


Ave 


C.l Information on Biomass Fuel 


1 


2 


3 




C.Ll type 




C.L2 weiglit consumed, kg 










C.L3 moisture content, % 










C.1,4 bulk density, kg/m' 










C.2 Performance Test Data 










C.2.1 Ambient air temperature, °C 










C,2.L1 Wet bulb 










C,2.1.2 Diybulb 










C,2,2 Ambient air relative humidity, % 










C.2.3 Air flow rate, m"^/s 










C.2.4 Heated air temp erature from fiimace, °C 










C.2.5 Diy ing air temperature, "^C 










C.2.6 Total operating time, h 










C.2.7 Furnace firingtime,h 










C.2.8 Heating value of fuel/biomass material, 
Kcal/kg 










C.2.9 Biomass fuel consumption rate, kgli 










C.2,10 Wei^t of ash residue sample after operation, 
g 










C,2.11 Weight of ash residue sample after further 
burning in electric furnace, g 










C.2. 12 Weiglit biomass material before complete 
burning in electric furnace, g 










C.2.13 Weight of ash after completely burning the 
biomass material in electric furnace, g 










C.2. 14 Percentage ash residue (dry basis) in the 
sample collected from the biomass furnace 










C.2.15 Percentage of ash in biomass material after 
complete burning in electric furnace 










C.2.16 Heat available in furnace, kJ/h 










C.2.17 Volume flow rate of air, m7h 










C.2. 18 Mass of ash collected after burning in biomass 
furnace, g 










C.2.19 Fan air velocity, nVs 










C.2.20 Speed of blower (shaft), rpm 










C.2.21 Speed of prime mover (shaft), rpm 











13 



C,2,22 Welding Acceptance Test 










C.2,22,1 Crack prohibition 










C.2,22,2 Weld/base-metal fusion 










C,2,22.3 Crater cross section 










C.2.22.4 Weld profile 










CJ,22.5 Time of inspection 










C.2,22.6 Undersize welds (if any) 










C222J Undercut 










C.2.22.8 Porosity (presence of air holes on the 
welded part) 











C3 Biomass Furnace performance 








C.3,1 Hopper load capacity, kg 




C.3,2 Biomass fuel consumption rate, 
kgli 




CJ3 Heat transferred at the heat 
exchanger, kJ/h 




C3.4 Heated air temperature at the 
heat exchanger, °C 




C.3.5 Heat released by ash residue 
sample per kg of ash residue, kJ/kg 




C3,6 Heating system efficiency, % 




C.3,7 Burning efficiency , % 




€-3.8 Furnace efficiency, % 




C.3.9 Cracking^scaling on any part of 
the furnace (observation) 




C.3.10 Temperature stability (stable 
or unstable) 




C.3.11 Fracture on theparts of furnace 
after operation (observation) 




CJ.12 Capable to maintain the 
maximum temperature allowable 
during the entire operation 
(observation) 





C.4 General information of fiiel samples and ash samples brought to AMTEC 
laboratory for analysis 



ITEMS 


BIOMASS FUEL 


DISCHARGE ASH 


Initial dry weight, g 






Residue weiglit, g 






Ash, % 






Ash Residue, % 
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C.5 Evaluate the following observations: 



Items 


Remarks 


C.5.1 Ease of cleaning 




C.5,2 Ease of repairing of parts 




C,5.3 Ease of operation 




C.5.4 Safety 




C*5.5 Availability of the switches needed 




C,5.6 Ease of transporting the furnace 





C.6 Flue Gas Analysis: 



Trials 


Temperature, 
°C 


Composition of dry exhaust gas, mg/Ncm 


CO 


NO^ 


SO, 


1 










2 










3 











C.7 Other Observations: 
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Annex D 



Laboratory Test Data Sheet 



Machine Tested:, 
Date of Test: 



_ Analyzed by :„ 
Date Analyzed: 



D.l Burning Efficiency Determination 



Trial 
Number 


Initial 

Weight of 

Crucible 


Initial 

Weight of 

Crucible + 

Samples 


Final 

Weight of 

Crucible + 

S ample s 


Final 

Weight of 

Burned 

Samples 


Burning 

Efficiency, 

% 


Trial 1 












Biomass 

fuel 

sample 










Ash 
sample 










Trial 2 












Biomass 

fuel 

sample 










Ash 

sample 










Trial 3 












Biomass 

fuel 

sample 










Ash 

sample 










Average Burning Efficiency, % 





D.2 Other Observations: 
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Annex E 
Formula 



EJ Biomass Fuel Consumption Rate 



Fc = ~~ 



where: 

Fc = fuel consumption rate, kg/h 

Fbf = total biomass fuel consumed, kg 

Top = total time of operation, h 



E.2 Heating System Efficiency 



Efft = — -^^-" xlOO 



Qs = Z^^^^^^Q 

¥ 

where: 

Efft = heating sy stem efficiency , % 

Qsup = heat supplied, KCal/h 

FCR = fuel consumption rate, kg/h 

HVF = heating value of fuel, KCal/lcg (see Table 1) 

Ah = change in enthalpy, IJ/kg d.a. 

V = air flow rate, mVmin 

V = specific volume of fresh air, m /kg d.a. 

E.3 Burning Efficiency 

Effb - xlOO 



Ar = (1 + ^: — ^)xA 
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A 



where: 



Effb 
Ar 



As 
Ab 



Wash ^ 

Wt 



burning efficiency, % 

percentage of ash residue (dry basis) in the sample 

collected from the biomass furnace 

percentage of ash in biomass material after complete 

burning in electric furnace 

weight of ash residue sample, g 

weight of ash residue sample after further burning in 

electric furnace, g 

weiglit of ash after completely burning the biomass 

material in electric furnace, g 

total weight of the biomass material before complete 

burning in electric furnace, g 



E.4 Furnace EfficieBcy 



Efffw 



(1-., 



xlOO 



Qhe 

Qa 



Ha 



V X Dair X Cpair X (Tf - Ti) 
(HVbM X Mbm) - (Hash X mash) 



sh 



where: 



Ejjfurnac 
Qhe 

Qa 
V 

Dair 
Cpair 

Tf 
Ti 

HVbm 
Mbm 

Hash 
mash 



efficiency of furnace, % 

heat transferred at the heat exchanger, kJ/li 

Heat available in biomass furnace, kJ/h 

volume flow rate of air, m /h 

density of heated air, kg^ m 

specific heat of heated air at the heat exchanger, 

kJ/lcg-K 

heated air temperature at the heat exchanger, °C 

ambient air temperature, '^C 

heating value of biomass material, kJ/lcg 

biomass material consumed, kg/li 

heat released by ash residue sample per kg of 

ash residue, kJ/lcg 

mass of ash collected after burning, kg 



Table I. List of heating value of fuels that are usually use in biomass furnace (Mark's 
Standard Handbook for Mechanical Engineering) 



Biomass Fuel 


Heating Value, kJ/kg 


Heating Value, BTU/lb 


Com cobs (at 10%MC) 


21,587 


9,300 


Rice hulls (at 7% MC) 


13,927 


6,000 


Wood chips (at 36%-58%MC) 


20,100 


8650 



19 



Philippine Agricultural Engineeriifig standards 



AMTEC-UPLB - PCARRD Project: "Development of Standards for Agricultural Production 
and Postharvest Machinery" 



Technical Committee 1 . Production Machineiy 

Chainnan: Engr. Joel R. Panagsagan 

Agricultural Machinery Manufacturers and Distributors Association 
(AMMDA), Inc. 

Members: Dr. Caesar Joventino M. Tado 

Philippine Rice Research Institute (PhilRice) 

Engr. Francia M, Macalintal 

National Agricultural and Fishery Council (NAFC) 

Department of Agriculture 

Engr. Julieto T. Uriarte 

Metal Industry Research and Development Center (MIRDC) 

Department of Science and Technology 

Engr. Angelito V. Angeles 

Philippine Society of Agricultural Engineers (PSAE) 



Technical Committee 2. Posthai'vest Machinery 

Chairman: Engr. George Q. Canapi 

Agricultural Machinery Manufacturers and Distributors Association 
(AMMDA), Inc. 

Members: Engr. Dionisio C, Coronel, Sr. 
National Food Authority (NFA) 
Department of Agriculture 

Engr. Reynaldo P. Gregorio 

Bureau of Posthai'vest Research and Extension (BPRE) 

Department of Agriculture 

Engr. Jose B. Fen^er 

Metal Industry Research and Development Center (MIRDC) 

Department of Science and Technology 

Dr. Elmer D, Castillo 

Philippine Society of Agricultural Engineers (PSAE) 



your partner in product quality and safety 

jti 



J 



TRABE a INDUSTRY 



BUREAU OF PRODUCT STANDARDS 



3F Trade and Industry Building 

361 Sen. Gil J. Puyat Avenue. Makati City 1200, Metro Manila, Philippines 

T/ (632) 751.3125 / 751.3123 / 751.4731 

F/ (632) 75 1 .4706 / 75 1 .4735 

E-mail : bps(g)dti.aov.ph 

www.dti.aov.Dh 



